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We extend our recent works on the P -wave two-pion resonant contributions to the kaon-pion cases in the
hadronic charmlessB meson decays by employing the perturbative QCD approach. The concerned decay modes
are analysed in the quasi-two-body framework by parameterizing the kaon-pion distribution amplitude ΦPKpi ,
which contains the final state interactions between the kaon and pion in the resonant region. The relativistic
Breit-Wigner formula for the P -wave resonant state K∗(892) is adopted to parameterize the time-like form
factor FKpi . We calculate the CP -averaged branching ratios and direct CP -violating asymmetries of the quasi-
two-body decays B(s) → K
∗(892)h → Kpih, with h = (pi,K), in this work. It is shown that the agreement
of theoretical results with the experimental data can be achieved, through which Gegenbauer moments of the
P -wave kaon-pion distribution amplitudes are determined. The predictions in this work will be tested by the
precise data from the LHCb and the future Belle II experiments.
PACS numbers: 13.25.Hw, 12.38.Bx
I. INTRODUCTION
Three-body hadronicB meson decays are a rich field for the experiments and theoretical studies. These decay processes offer
one of the best tools for the analyses of direct CP violation and also provide a testing ground for the dynamical models of the
strong interaction. Strong dynamics in a three-body B meson decay is much more complicated than that in a two-body case,
the three-body processes receive nonresonant and resonant contributions, as well as the significant final-state interactions [1–3].
The nonresonant contributions have been studied with the method of heavy meson chiral perturbation theory (HMChPT) [4–7]
valid in the soft meson limit in Ref. [8]. The exponential factor e−αNRpB ·(pi+pj) is introduced so that the HMChPT results are
recovered in the soft meson limit where pi, pj → 0. In addition to the nonresonant background, it is urgent to study the resonant
contributions which are, in most cases, the dominant part of a three-body decay process. Analyses of the three-body decays
utilizing the Dalitz plots [9, 10] enable us to investigate the properties of various scalar, vector and tensor resonant states with
the isobar model [11, 12] in terms of the usual Breit-Wigner model [13].
On the theoretical side, no proof of factorization has been done for the decays of the B meson into three final state mesons.
As a first step, however, we can restrict ourselves to the specific kinematical configurations, in which two energetic final state
mesons almost collimating to each other. For such topologies, the three-body interactions are expected to be suppressed strongly
due to power counting rules [14]. In such quasi-two-body region of phase space, the obvious generalization of the factorization
theorem for two-body decays applies, and in the region where all invariant masses are large, factorization has been explicitly
shown at the leading non-trivial order in Refs. [15, 16]. It’s reasonable for us to assume the validity of the factorization for these
quasi-two-body B decays. In the “quasi-two-body” mechanism, the two-body scattering and all possible interactions between
the two involved particles are included but the interactions between the bachelor particle and the daughter mesons from the
resonance are neglected. Substantial progress on three-body hadronic B meson decays by means of symmetry principles has
been made for example in Refs. [17–24]. The QCD-improved factorization [15] has also been widely applied to the studies of
the three-body hadronic B meson decays in Refs. [8, 14, 25–33]. The detailed factorization properties of the B+ → pi+pi+pi−
in different regions of phase space were investigated in Ref. [25]. The CP violations and the contributions of the strong kaon-
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2pion interactions have been investigated in the B → Kpipi decays utilizing an approximate construction of relevant scalar and
vector form factors in Ref. [14]. In Ref. [28], the authors studied the decays of B± → pi±pi∓pi± within a quasi-two-body
QCD factorization approach and introducing the scalar and vector form factors for the S and P waves, as well as a relativistic
Breit-Wigner (RBW) formula for the D wave to describe the meson-meson final state interactions.
The perturbative QCD (PQCD) factorization approach has been employed in Refs. [34–38], where the strong dynamics be-
tween the two final state hadrons in resonant regions are factorized into a new non-perturbative input, the two-hadron distri-
bution amplitudes (DAs) Φh1h2 [39–45]. Both nonresonant and resonant contributions can be accommodated into this new
input in PQCD factorization approach. In the PQCD approach, we have studied the S-wave resonance contributions to the
decays of B0(s) mesons into a charmonium meson plus pion-pion (koan-pion) pair [46–50], the P -wave resonance contribu-
tions to the decays B → P (ρ, ρ(1450), ρ(1700)) → Ppipi [51–53], B(c) → D(ρ, ρ(1450), ρ(1700)) → Dpipi [54–56] and
B → ηc(1S, 2S)(ρ, ρ(1450), ρ(1700)) → ηc(1S, 2S)pipi [57], as well as the D-wave resonant contributions to the decays
B → Pf2(1270) → Ppipi [58]. All these works indicate that the PQCD factorization approach is universal for exclusive
hadronic three-bodyB meson decays.
The measurements for the branching ratios and CP violating asymmetries for B → Kpipi and other decay modes have
been reported by BABAR [59–64], Belle [65–68] and LHCb Collaborations [69–75]. These three-body decays are known
experimentally to be dominated by the low energy resonances on pipi, KK and Kpi channels on the Dalitz plots. In this work,
we shall extend our recent works on the P -wave two-pion resonant contributions to the kaon-pion cases. Motivated by the recent
detailed Dalitz plot analyses of Kpi invariant mass spectrum by BABAR [61, 64, 76–79], Belle [65, 66, 68, 80–83], CLEO [84–
86] and LHCb [87, 88] Collaborations, we will calculate the decay modesB → Kpih, where h is the light pseudoscalar pion or
kaon, and study the Kpi pair originating from a vector quark-antiquark state, while other partial waves are beyond the scope of
the present work.
The relevant Feynman diagrams are the same as Fig. 1 in the Ref. [52]. The P -wave contributions are parameterized into the
time-like vector form factors involved in the kaon-pion DAs. We adopt the RBW line shape for the P -wave resonanceK∗(892)
to parameterize the time-like form factors [64]. Throughout the remainder of the paper, the symbol K∗ is used to denote the
K∗(892) resonance. By employing the kaon-pion DAs, the P -wave contributions to the related three-bodyB meson decays can
be simplified into quasi-two-body processes B → K∗h→ Kpih.
As is well known, the QCD-improved factorization (QCDF) [15, 89–92], the perturbative QCD (PQCD) factorization ap-
proach [93–95] and the soft-collinear-effective theory (SCET) [96–100] are the three popular factorization approaches to deal
with the hadronic B meson decays. For most B → h1h2 decay channels, the theoretical predictions obtained by using these
different factorization approaches agree well with each other and also are well consistent with the data within errors. QCDF
and SCET are based on the collinear factorization, in which B meson transition form factors contain the end-point singularity.
That is why soft form factors need to be introduced in these approaches. PQCD is based on the kT factorization, in which the
implementation of the Sudakov resummation suppresses the small kT region. It has been shown that k
2
T is of order mbΛQCD
in Ref. [101]. The end-point singularity is then smeared, and the form factors are factorizable. That is, the different power
countings for the parton kT lead to different factorization formalisms. As to the other modes, the hard-collinear modes corre-
spond to the hard kernels in PQCD, and the collinear modes correspond to the DAs in PQCD. The calculation of the infrared
logarithms in QCD and in kT -dependent DAs for the B → pi form factors and their cancellation have been done at one-loop
level in Ref. [102]. One can see that the kT -dependent next-to-leading-order hard kernel for the B → pi transition form factors
is infrared-finite. Therefore, the form factors in B → pi transition are factorizable. The all-order proof for the kT factorization
of the B → pi form factors has been done in Ref. [103].
With the introduction of a two-meson DAs, the LO diagrams for three-body hadronic B meson decays are reduced to those
for quasi-two-body decays. The hard kernelH describes the dynamics of the strong and electroweak interactions in three-body
hadronic decays in a similar way as the one for the two-bodyB → h1h2 decays. The ΦB and Φh3 are used to describe the wave
functions for the B meson and the bachelor particle h3, which absorb the non-perturbative dynamics in the process. The Φh1h2
is the two-hadron (K plus pi in this work) distribution amplitude, which describes the structure of the final-stateK-pi pair. As a
result, one can describe the typical PQCD factorization formula for a B → h1h2h3 decay amplitude as the form of [34, 35],
A = ΦB ⊗H ⊗ ΦP -waveh1h2 ⊗ Φh3 . (1)
This paper is organized as follows. In Sec. II, we give a brief introduction for the theoretical framework. The numerical
results, some discussions and the conclusions will be given in last two sections. The factorization formulas for the relevant
three-body decay amplitudes are collected in the Appendix.
II. FRAMEWORK
In the light-cone coordinates, we let the kaon-pion pair and the final-state h move along the direction of n = (1, 0, 0T) and
v = (0, 1, 0T), respectively, in the rest frame of the B meson. The kinematic variables of the decay B(pB) → (Kpi)(p)h(p3)
3can be chosen as
pB =
mB√
2
(1, 1, 0T), p =
mB√
2
(1, η, 0T), p3 =
mB√
2
(0, 1− η, 0T), (2)
where mB is the mass of B meson, the variable η is defined as η = ω
2/m2B, the invariant mass squared ω
2 = p2 for the
kaon-pion pair. If we choose ζ = p+1 /p
+ as kaon momentum fraction, the kaon momentum p1 and pion momentum p2 can be
written as
p1 = (ζ
mB√
2
, (1− ζ)ηmB√
2
, p1T), p2 = ((1− ζ)mB√
2
, ζη
mB√
2
, p2T). (3)
We employ xB, z, x3 to denote the momentum fraction of the positive quark in each meson, kBT , kT, k3T is assigned to the
transverse momentum of the positive quark, respectively. The momentum kB of the spectator quark in the B meson, the
momentum k for the resonant stateK∗(892) and k3 for the final-state h are of the form of
kB =
(
0, xB
mB√
2
, kBT
)
, k =
(
mB√
2
z, 0, kT
)
, k3 =
(
0, (1− η)x3mB√
2
, k3T
)
, (4)
The momentum fractions xB , z and x3 run from zero to unity.
The P -wave kaon-pion DAs are introduced in analogy with the case of two-pion ones [51] if ignoring the masses of the kaon
and pion mesons,
ΦP -waveKpi =
1√
2Nc
[p/φ0(z, ζ, ω
2) + ωφs(z, ζ, ω
2) +
p/1p/2 − p/2p/1
ω(2ζ − 1) φt(z, ζ, ω
2)] . (5)
The expansions of the nonlocal matrix elements for the vector, scalar and tensor spin projectors up to twist-3 are listed below
similar to our recent work [104],
〈K(p1)pi(p2)|q¯1(y−)γµq2(0)|0〉 = (p1 − p2)µ
∫ 1
0
dzeizP ·yφ0(z, ω), (6)
〈K(p1)pi(p2)|q¯1(y−)Iq2(0)|0〉 = ω
∫ 1
0
dzeizP ·yφs(z, ω), (7)
〈K(p1)pi(p2)|q¯1(y−)σµνq2(0)|0〉 = −i (p1µp2ν − p1νp2µ)
ω
∫ 1
0
dzeizP ·yφt(z, ω), (8)
with the quark content q1 = s, q2 = u(d) or q1 = u(d), q2 = s. The DA φ0 is the twist-2 component, while the DAs φs, φt
are the twist-3 ones. Following the steps of S-wave kaon-pion resonance [50, 105], it is worthwhile to stress that the P -wave
kaon-pion system has similar DAs as the ones for a light vector meson, but we replace the vector decay constants with the
time-like form factor:
φ0 =
3FKpi(s)√
2Nc
z(1− z)
[
1 + a
||
1K∗3(2z − 1) + a||2K∗
3
2
(5(2z − 1)2 − 1)
]
P1(2ζ − 1) , (9)
φs =
3Fs(s)
2
√
2Nc
(1− 2z)P1(2ζ − 1) , (10)
φt =
3Ft(s)
2
√
2Nc
(2z − 1)2P1(2ζ − 1) , (11)
where the Legendre polynomial P1(2ζ − 1) = 2ζ − 1 and the Gegenbauer moments a||1K∗ and a||2K∗ will be regarded as free
parameters and determined in this work. The time-like form factors FKpi(s), Fs(s), Ft(s) define the normalization of the Kpi
two-meson distribution amplitudes. Note that the hadronic matrix element in Eq. (7) vanishes for the local operator with y− = 0,
namely, as the DA φs is integrated over the parton momentum fraction z. It implies that the scalar form factor Fs can be defined
only via a nonlocal matrix element. In principle, Fs and Ft should be different. However, we are not able to distinguish them
currently because of limited data. Thus, we supposed that they are equal. Following Ref. [51], we also assume that
Fs(s) = Ft(s) ≈ (fTK∗/fK∗)FKpi(s). (12)
with fK∗ = 0.217± 0.005GeV, fTK∗ = 0.185± 0.010GeV [106].
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FIG. 1: (a) Differential branching ratios for the B+ → K+K¯∗0 → K+Kpi decays, and (b) Differential distributions of Acp in ω for the
decay modes B+ → K+K¯∗0 → K+Kpi and B+ → K¯0K∗+ → K¯0Kpi. Shaded bands show the estimated theoretical uncertainties.
For the narrow resonance K∗, we adopt the RBW line shape for the P -wave resonance K∗ to parameterize the time-like
form factors FKpi(s), which is widely adopted in the experimental data analyses. The explicit expressions are in the following
form [64],
FKpi(s) =
m2K∗
m2K∗ − s− imK∗Γ(s)
, (13)
with the kaon-pion invariant mass squared s = ω2 = m2(Kpi).
Here, the mass-dependent width Γ(s) is defined by
Γ(s) = ΓK∗
mK∗√
s
( |−→p1|
|−→p0|
)3
, (14)
where mK∗ and ΓK∗ are the pole mass and width of resonance state K
∗ respectively. The |−→p1| is the momentum vector of the
resonance decay product measured in the resonance rest frame, while |−→p0| is the value of |−→p1| when
√
s = mK∗ . The explicit
expression of kinematic variables |−→p1| is
|−→p1| =
√
λ(ω2,m2K ,m
2
pi)
2ω
, (15)
with the kaon (pion) massmK (mpi) and the Ka¨lle´n function λ(a, b, c) = a
2 + b2 + c2 − 2(ab+ ac+ bc).
III. NUMERICAL RESULTS
The following input parameters (the masses, decay constants and QCD scale are in units of GeV) will be used [107] in
numerical calculations,
Λ
(f=4)
MS
= 0.25, mB0 = 5.280, mBs = 5.367, mB± = 5.279,
mpi± = 0.140, mpi0 = 0.135, mK± = 0.494, mK0 = 0.498,
mK∗0 = 0.89581, mK∗± = 0.89166, mb(pole) = 4.8, m¯c(m¯c) = 1.275,
ms(1GeV) = 0.119, ΓK∗ = 0.050, fB = 0.19± 0.02, fBs = 0.236± 0.02,
τB0 = 1.519 ps, τBs = 1.512 ps, τB± = 1.638 ps. (16)
The b-quark mass is chosen as pole mass and the c-quark mass corresponds to the running mass in the modified minimal
substraction scheme (MS scheme), while the s-quark mass is the estimation of the so-called “current-quark masses” in a mass-
independent subtraction scheme such as MS at a scale µ ≈ 1GeV. The values of the Wolfenstein parameters are adopted as
given in the Ref. [107]: A = 0.836± 0.015, λ = 0.22453± 0.00044, ρ¯ = 0.122+0.018−0.017, η¯ = 0.355+0.012−0.011. While the B meson
and kaon (pion) DAs are the same as widely adopted in the PQCD approach [52].
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dB
ds
= τB
|−→p1||−→p3|
64pi3m3B
|A|2, (17)
with τB the mean lifetime of B-meson, and s = ω
2 the invariant mass squared. The kinematic variables |−→p1 | and |−→p3| denote the
kaon momentum and h’s momentum in the center-of-mass frame of theK-pi pair,
|−→p1| =
√
λ(ω2,m2K ,m
2
pi)
2ω
, |−→p3| =
√
λ(m2B ,m
2
P , ω
2)
2ω
. (18)
By using the differential branching fraction in Eq. (17), and the decay amplitudes in the Appendix, we calculate the CP
averaged branching ratios (B) and the direct CP -violating asymmetries (ACP ) for the concerned decays B → K∗h → Kpih,
which are shown in the Table I and Table II together with some currently available experimental measurements. The Gegenbauer
moments a
||
1K∗ = 0.05 ± 0.02, a||2K∗ = 0.15 ± 0.05 are determined to cater to the data [107, 108], which differ from those in
the DAs for a longitudinally polarized K∗ meson [106]. The first theoretical error from the variation of the hard scale t from
0.75t to 1.25t (without changing 1/bi) and the QCD scale ΛQCD = 0.25± 0.05 GeV, which characterizes the effect of the NLO
QCD contributions. The second error comes from the variations of the shape parameter of theB(s) meson distribution amplitude
ωB = 0.40 ± 0.04 GeV or ωBs = 0.50 ± 0.05 GeV [93, 94, 109, 110]. The last one is caused by the Gegenbauer moments
a
||
1K∗ = 0.05 ± 0.02, a||2K∗ = 0.15 ± 0.05. The first two errors are comparable and contribute the main uncertainties in our
approach, while the last one is less than 15%. The errors from τB± , τB0 , τBs and the Wolfenstein parameters in [107] are very
small and have been neglected.
From the numerical results as shown in those two tables, one can address some issues as follows:
(1) The isospin conservation is assumed for the strong decays of an I = 1/2 resonance K∗ to Kpi when we compute the
branching fractions of the quasi-two-body processB → K∗h→ Kpih, namely,
Γ(K∗0 → K+pi−)
Γ(K∗0 → Kpi) = 2/3,
Γ(K∗+ → K+pi0)
Γ(K∗+ → Kpi) = 1/3. (19)
Taking B0 → pi0(K∗0 →)Kpi decay as an example, we can obtain the quasi-two-body branching fraction B(B0 →
pi0(K∗0 →)K+pi−) under the narrow width approximation relation
B(B0 → pi0K∗0 → pi0Kpi) = B(B0 → pi0K∗0) · B(K∗0 → Kpi),
B(B0 → pi0K∗0 → pi0K+pi−) = B(B0 → pi0K∗0) · B(K∗0 → K+pi−), (20)
where we assume theK∗ → Kpi branching fraction to be 100%.
(2) It is worth of stressing that there already exist many well known results for B(s) → hK∗ in the two-body framework both
in the PQCD [106, 111–113] and QCDF [15, 114, 115] approaches. In the narrow width limit, the branching ratios of
the two-body decays B(s) → hK∗ are extracted from the corresponding quasi-two-body decay modes as listed in Table I
and Table II. One can see that the branching ratios of the quasi-two-body decay modes are in good agreement with those
two-body analyses as presented in Refs. [106, 111–113] in PQCD approach. The consistency between the theoretical
predictions and the measured values for the branching ratios supports the PQCD factorization for exclusive hadronic B
meson decays. The measured CP violation is just a number in two-body B decays, while in three-body decays, one can
measure the distribution of CP asymmetry. The CP asymmetry in the three-body framework is moderated by the finite
width of theK∗ resonance appearing in the time-like form factor FKpi. It may be more appropriate to treat B → hK∗ as
three-body decays. By comparingwith corresponding results in the QCDF approach [15, 114, 115], we find that the PQCD
predictions for the branching ratios as listed in Table I and II are similar to the QCDF results. Since the mechanism and the
source of the CP asymmetries for the considered decay modes are very different in the PQCD approach and the QCDF
approach, the QCDF results for the direct CP asymmetries are quite different from ours. Because currently available
experimental measurements still have relatively large uncertainties, we have to wait for more time to test these different
predictions.
(3) We calculated the branching ratios and CP violations of the quasi-two-body decays B → KK∗ → KKpi as shown
in Table I. Moreover, there is no CP violation for the decays B0 → K0(K¯∗0 →)Kpi, B0 → K¯0(K∗0 →)Kpi,
B0s → K0(K¯∗0 →)Kpi and B0s → K¯0(K∗0 →)Kpi within the standard model, since there is only one kind of pen-
guin operator involved in the decay amplitudes of the considered decays, which can be seen from Eqs. (A7-A10). The
PQCD predictions of the sum of branching ratios of B0s → K+(K∗− →)Kpi and B0s → K−(K∗+ →)Kpi decays, as
well as the sum of branching ratios of B0s → K0(K¯∗0 →)Kpi and B0s → K¯0(K∗0 →)Kpi are in consistent with the
6LHCbmeasurements [87, 88] and support their first observations ofB0s meson decays toK
∗±K∓ andK0SK
∗0. The LHCb
Collaboration reported that there is no evidence for the decay B0 → K0SK∗0 and an upper limit is set on the branching
ratio. Our result for the B(B0 → K0(K¯∗0 →)Kpi) plus B(B0 → K¯0(K∗0 →)Kpi) is around 0.54× 10−6, which can be
examined in the forthcoming experiments.
(4) For the considered decay channels B → pi(K∗ →)Kpi, there are already some experimental measurements for the
branching ratios and CP asymmetries shown in the forth column in Table II. Although the error bars of the CP violations
are still large, one can find that our theoretical calculations have the same sign as these measured entries. For the four
decay modes, B(B+ → pi+(K∗0 →)Kpi) = (7.12+2.77−2.07) × 10−6, B(B0 → pi−(K∗+ →)Kpi) = (6.51+2.33−1.75) × 10−6,
B(B+ → pi0(K∗+ →)Kpi) = (5.00+1.78−1.34) × 10−6 and B(B0 → pi0(K∗0 →)Kpi) = (2.07+0.83−0.62) × 10−6, the PQCD
predictions are in agreement with the world averages within errors. When more data become available, we do recommend
the LHCb and/or Belle-II experiments to remeasure the direct CP asymmetry in channels like B+ → pi0(K∗+ →)Kpi,
B0 → pi0(K∗0 →)Kpi and so on, because these decay modes may have large branching ratios and large direct CP
asymmetries.
(5) For the B0s → pi+(K∗− →)Kpi decay process, our prediction is B = (8.08+2.88−2.09) × 10−6 at leading-order in the quasi-
two-body framework in this work, such a branching ratio is a bit larger than the value (3.3 ± 1.2) × 10−6 in [107]. For
the corresponding two-body modes, the previous theoretical predictions as given in Refs. [15, 106, 115] are larger than
the data as well. In Ref. [111], the authors considered the next-to-leading-order (NLO) corrections and found that the
NLO contribution will result in a 37% reduction of the leading order PQCD prediction for the “tree” dominated decay
B0s → pi+K∗−. The authors confirmed that the branching ratios of the quasi-two-body modes in the three-body and
two-body frameworks are close to each other in Ref. [51], since the B(ρ → pipi) ≈ 100%. Compared with the previous
calculations of the two-body decaysB(s) → PK∗ from PQCD [106, 111–113], we can obtain the consistency between the
two-body and three-body modes. Maybe we can assume that the PQCD prediction of the branching ratio of the quasi-to-
body decay B0s → pi+(K∗− →)Kpi will accommodate to data if we take the NLO contributions into consideration in the
three-body framework. However, how to evaluate the NLO corrections to the three-body decays in the PQCD framework
is a big task and will be left for the future studies.
In Fig. 1(a), we show the ω-dependence of differential decay rate dB(B+ → K+K¯∗0 → K+Kpi)/dω. The K¯∗0 is visible as a
narrow peak near 0.89GeV.We find that the main portion of the branching ratios lies in the region around the pole mass of theK∗
resonance as expected by examining the distribution of the branching ratios in the kaon-pion invariant mass ω. The central values
of B are 0.25×10−7 and 0.37×10−7 when the integration overω is limited in the range of ω = [mK∗−0.5ΓK∗ ,mK∗+0.5ΓK∗]
or ω = [mK∗ −ΓK∗ ,mK∗ +ΓK∗ ] respectively, which amount to 50% and 74% of the total branching ratio B = 0.50× 10−7 as
listed in Table I. In two-bodyB decays, the measured CP violation is just a number due to the fixed kinematics. While in three-
body decays, the decay amplitudes depend on theKpi invariant mass, which resulting in the differential distribution of directCP
asymmetries. In Fig. 1(b), we display the differential distributions ofACP for the two decay modesB+ → K+K¯∗0 → K+Kpi
(black solid line) and B+ → K¯0K∗+ → K¯0Kpi (purple dotted line), respectively. One can find a falloff of ACP with ω for
B+ → K+K¯∗0 → K+Kpi. It implies that the direct CP asymmetries in the above three quasi-two-body decays, if calculated
as the two-body decays with the K∗ resonance mass being fixed to mK∗ , may be overestimated. The ascent of the differential
distribution of ACP with ω for B+ → K¯0K∗+ → K¯0Kpi suggests that its direct CP asymmetry, if calculated in the two-body
formalism, may be underestimated.
IV. SUMMARY
In this paper, we calculated the quasi-two-body decays B(s) → K∗(892)h → Kpih by using the PQCD factorization ap-
proach. The relativistic Breit-Wigner formula for the P -wave narrow resonance K∗(892) was adopted to parameterize the
time-like form factor FKpi. The kaon-pion distribution amplitude Φ
P
Kpi with the P -wave time-like form factor FKpi was em-
ployed to describe the resonant state K∗ and its interactions with the kaon-pion pair. We predicted the branching ratios and
the direct CP asymmetries of the concerned decay channels, and compared their differential branching ratios with currently
available data. General agreements between the PQCD predictions and the data can be achieved by tuning the Gegenbauer
moments of the P -wave kaon-pion DAs. The direct CP asymmetry of the B(s) → K∗(892)h→ Kpih modes are not numbers
but depend on the kaon-pion invariant mass. Owing to the isospin conservation in K∗(892) → Kpi decays, we can obtain the
separate branching ratios of the corresponding quasi-two-body decays. More precise data from the LHCb and the future Belle II
will test our predictions.
7TABLE I: The CP averaged branching ratios and direct CP -violating asymmetries of B(s) → K(K
∗
→)Kpi decays calculated in PQCD
approach together with experimental data [107, 108]. The theoretical errors corresponding to the uncertainties due to the next-to-leading-order
effects (the hard scale t and the QCD scale ΛQCD), the shape parameters ωB(s) in the wave function of B(s) meson and the Gegenbauer
moments (a
||
1K∗ and a
||
2K∗ ), respectively.
Modes Quasi-two-body results Experiment
B+ → K+(K¯∗0 →)Kpi B(10−6) 0.50+0.13+0.13+0.02−0.10−0.10−0.02 < 1.1
ACP(%) 35.0
+4.6+1.7+1.4
−4.4−1.4−1.6 −
B0 → K+(K∗− →)Kpi B(10−6) 0.06+0.01+0.00+0.00−0.00−0.01−0.01 < 0.4
a
ACP(%) 39.1
+4.6+2.8+6.4
−9.6−0.0−3.4 −
B0 → K−(K∗+ →)Kpi B(10−6) 0.07+0.02+0.01+0.01−0.00−0.00−0.00 < 0.4
a
ACP(%) 28.8
+0.0+3.2+5.1
−7.4−0.0−2.1 −
B0s → K
+(K∗− →)Kpi B(10−6) 7.27+1.55+0.45+0.81−1.66−0.37−0.77 (12.5 ± 2.6)
a
ACP(%) 60.0
+5.5+7.3+2.1
−5.4−6.3−2.1 −
B0s → K
−(K∗+ →)Kpi B(10−6) 6.96+2.27+1.64+0.32−1.60−1.10−0.31 (12.5 ± 2.6)
a
ACP(%) −46.3
+5.8+3.0+1.5
−5.8−1.8−1.4 −
B+ → K¯0(K∗+ →)Kpi B(10−6) 0.12+0.02+0.00+0.01−0.05−0.01−0.01 −
ACP(%) −12.5
+11.5+6.1+1.5
−12.7−1.2−1.4 −
B0 → K0(K¯∗0 →)Kpi B(10−6) 0.40+0.11+0.12+0.00−0.09−0.09−0.01 < 0.96
a
ACP(%) 0 −
B0 → K¯0(K∗0 →)Kpi B(10−6) 0.14+0.03+0.01+0.03−0.03−0.00−0.02 < 0.96
a
ACP(%) 0 −
B0s → K
0(K¯∗0 →)Kpi B(10−6) 6.19+1.45+0.12+0.81−1.56−0.14−0.77 (16.4 ± 4.1)
a
ACP(%) 0 −
B0s → K¯
0(K∗0 →)Kpi B(10−6) 7.16+2.55+1.78+0.31−1.84−1.17−0.28 (16.4 ± 4.1)
a
ACP(%) 0 −
aIncludes two distinct decay processes: B(B(s) → f) + B(B(s) → f¯).
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Appendix A: Decay amplitudes
The decay amplitudes for considered quasi-two-body decay modes in this work are given as follows:
A(B+ → K+(K¯∗0 →)Kpi) = GF√
2
{
V ∗ubVud[(
C1
3
+ C2)F
LL
aP + C1M
LL
aP ]− V ∗tbVtd[(
C3
3
+ C4 − C9
6
− C10
2
)FLLeP
+ (C3 − C9
2
)MLLeP + (C5 −
C7
2
)MLReP + (
C3
3
+ C4 +
C9
3
+ C10)F
LL
aP
+ (
C5
3
+ C6 +
C7
3
+ C8)F
SP
aP + (C3 + C9)M
LL
aP + (C5 + C7)M
LR
aP ]
}
, (A1)
8TABLE II: The CP averaged branching ratios and direct CP -violating asymmetries of B(s) → pi(K
∗
→)Kpi decays calculated in PQCD
approach together with experimental data [107, 108]. The theoretical errors corresponding to the uncertainties due to the next-to-leading-order
effects (the hard scale t and the QCD scale ΛQCD), the shape parameters ωB(s) in the wave function of B(s) meson and the Gegenbauer
moments (a
||
1K∗ and a
||
2K∗ ), respectively.
Modes Quasi-two-body results Experiment
B+ → pi+(K∗0 →)Kpi B(10−6) 7.12+1.73+2.16+0.16−1.44−1.49−0.15 10.1 ± 0.9
ACP (%) −2.5
+1.6+0.4+0.1
−0.3−0.0−0.1 −
B0 → pi−(K∗+ →)Kpi B(10−6) 6.51+1.42+1.84+0.20−1.19−1.27−0.17 8.4± 0.8
ACP (%) −47.0
+3.7+4.7+1.4
−2.2−4.4−1.5 −22± 6
B0s → pi
+(K∗− →)Kpi B(10−6) 8.08+0.37+2.83+0.36−0.49−2.00−0.35 3.3± 1.2
ACP (%) −21.9
+2.3+2.7+0.7
−2.3−3.0−0.9 −
B+ → pi0(K∗+ →)Kpi B(10−6) 5.00+0.95+1.50+0.13−0.81−1.06−0.11 8.2± 1.9
ACP (%) −30.5
+2.7+4.5+1.2
−1.0−4.3−1.1 −6± 24
B0 → pi0(K∗0 →)Kpi B(10−6) 2.07+0.62+0.55+0.07−0.50−0.37−0.06 3.3± 0.6
ACP (%) −6.9
+2.6+1.1+0.2
−0.1−0.7−0.2 −15± 13
B0s → pi
0(K¯∗0 →)Kpi B(10−6) 0.09+0.05+0.02+0.01−0.02−0.01−0.01 −
ACP (%) −67.4
+24.3+9.2+1.4
−14.9−8.5−1.0 −
A(B0 → K+(K∗− →)Kpi) = GF√
2
{
V ∗ubVud[(C1 +
C2
3
)FLLaP + C2M
LL
aP ]− V ∗tbVtd[(C3 +
C4
3
− C9
2
− C10
6
− C5 − C6
3
+
C7
2
+
C8
6
)FLLaK∗ + (C4 −
C10
2
)MLLaK∗ + (C6 −
C8
2
)MSPaK∗
+ (C3 +
C4
3
+ C9 +
C10
3
− C5 − C6
3
− C7 − C8
3
)FLLaP
+ (C4 + C10)M
LL
aP + (C6 + C8)M
SP
aP ]
}
, (A2)
A(B0 → K−(K∗+ →)Kpi) = GF√
2
{
V ∗ubVud[(C1 +
C2
3
)FLLaK∗ + C2M
LL
aK∗ ]− V ∗tbVtd[(C3 +
C4
3
+ C9 +
C10
3
− C5 − C6
3
− C7 − C8
3
)FLLaK∗ + (C4 + C10)M
LL
aK∗ + (C6 + C8)M
SP
aK∗
+ (C3 +
C4
3
− C9
2
− C10
6
− C5 − C6
3
+
C7
2
+
C8
6
)FLLaP
+ (C4 − C10
2
)MLLaP + (C6 −
C8
2
)MSPaP ]
}
,
(A3)
A(B0s → K+(K∗− →)Kpi) =
GF√
2
{
V ∗ubVus[(
C1
3
+ C2)F
LL
eK∗ + C1M
LL
eK∗ + (C1 +
C2
3
)FLLaP + C2M
LL
aP ]
− V ∗tbVts[(
C3
3
+ C4 +
C9
3
+ C10)F
LL
eK∗ + (
C5
3
+ C6 +
C7
3
+ C8)F
SP
eK∗ + (C3 + C9)M
LL
eK∗
+ (C5 + C7)M
LR
eK∗ + (
4
3
(C3 + C4 − C9
2
− C10
2
)− C5 − C6
3
+
C7
2
+
C8
6
)FLLaK∗
+ (
C5
3
+ C6 − C7
6
− C8
2
)FSPaK∗ + (C3 + C4 −
C9
2
− C10
2
)MLLaK∗ + (C5 −
C7
2
)MLRaK∗
+ (C6 − C8
2
)MSPaK∗ + (C3 +
C4
3
+ C9 +
C10
3
− C5 − C6
3
− C7 − C8
3
)FLLaP
+ (C4 + C10)M
LL
aP + (C6 + C8)M
SP
aP ]
}
, (A4)
9A(B0s → K−(K∗+ →)Kpi) =
GF√
2
{
V ∗ubVus[(C1 +
C2
3
)FLLaK∗ + C2M
LL
aK∗ + (
C1
3
+ C2)F
LL
eP + C1M
LL
eP ]
− V ∗tbVts[(C3 +
C4
3
+ C9 +
C10
3
− C5 − C6
3
− C7 − C8
3
)FLLaK∗ + (C4 + C10)M
LL
aK∗
+ (C6 + C8)M
SP
aK∗ + (
C3
3
+ C4 +
C9
3
+ C10)F
LL
eP + (C3 + C9)M
LL
eP + (C5 + C7)M
LR
eP
+ (
4
3
(C3 + C4 − C9
2
− C10
2
)− C5 − C6
3
+
C7
2
+
C8
6
)FLLaP
+ (
C5
3
+ C6 − C7
6
− C8
2
)FSPaP + (C3 + C4 −
C9
2
− C10
2
)MLLaP
+ (C5 − C7
2
)MLRaP + (C6 −
C8
2
)MSPaP ]
}
, (A5)
A(B+ → K¯0(K∗+ →)Kpi) = GF√
2
{
V ∗ubVud[(
C1
3
+ C2)F
LL
aK∗ + C1M
LL
aK∗ ]− V ∗tbVtd[(
C3
3
+ C4 − C9
6
− C10
2
)FLLeK∗
+ (
C5
3
+ C6 − C7
6
− C8
2
)FSPeK∗ + (C3 −
C9
2
)MLLeK∗ + (C5 −
C7
2
)MLReK∗
+ (
C3
3
+ C4 +
C9
3
+ C10)F
LL
aK∗ + (
C5
3
+ C6 +
C7
3
+ C8)F
SP
aK∗
+ (C3 + C9)M
LL
aK∗ + (C5 + C7)M
LR
aK∗ ]
}
, (A6)
A(B0 → K0(K¯∗0 →)Kpi) = −GF√
2
{
V ∗tbVtd[(C3 +
C4
3
− C9
2
− C10
6
− C5 − C6
3
+
C7
2
+
C8
6
)FLLaK∗
+ (C4 − C10
2
)MLLaK∗ + (C6 −
C8
2
)(MSPaK∗ +M
SP
aP ) + (
C3
3
+ C4 − C9
6
− C10
2
)FLLeP
+ (C3 − C9
2
)MLLeP + (C5 −
C7
2
)(MLReP +M
LR
aP ) + (
C5
3
+ C6 − C7
6
− C8
2
)FSPaP
+ (
4
3
(C3 + C4 − C9
2
− C10
2
)− C5 − C6
3
+
C7
2
+
C8
6
)FLLaP + (C3 + C4 −
C9
2
− C10
2
)MLLaP ]
}
,
(A7)
A(B0 → K¯0(K∗0 →)Kpi) = −GF√
2
{
V ∗tbVtd[(
C3
3
+ C4 − C9
6
− C10
2
)FLLeK∗ + (
C5
3
+ C6 − C7
6
− C8
2
)(FSPeK∗ + F
SP
aK∗)
+ (C3 − C9
2
)MLLeK∗ + (
4
3
(C3 + C4 − C9
2
− C10
2
)− C5 − C6
3
+
C7
2
+
C8
6
)FLLaK∗
+ (C3 + C4 − C9
2
− C10
2
)MLLaK∗ + (C5 −
C7
2
)(MLReK∗ +M
LR
aK∗) + (C6 −
C8
2
)(MSPaK∗
+ MSPaP ) + (C3 +
C4
3
− C9
2
− C10
6
− C5 − C6
3
+
C7
2
+
C8
6
)FLLaP + (C4 −
C10
2
)MLLaP ]
}
,
(A8)
A(B0s → K0(K¯∗0 →)Kpi) = −
GF√
2
{
V ∗tbVts[(
C3
3
+ C4 − C9
6
− C10
2
)FLLeK∗ + (
C5
3
+ C6 − C7
6
− C8
2
)(FSPeK∗ + F
SP
aK∗)
+ (C3 − C9
2
)MLLeK∗ + (
4
3
(C3 + C4 − C9
2
− C10
2
)− C5 − C6
3
+
C7
2
+
C8
6
)FLLaK∗
+ (C3 + C4 − C9
2
− C10
2
)MLLaK∗ + (C5 −
C7
2
)(MLReK∗ +M
LR
aK∗) + (C6 −
C8
2
)(MSPaK∗
+ MSPaP ) + (C3 +
C4
3
− C9
2
− C10
6
− C5 − C6
3
+
C7
2
+
C8
6
)FLLaP + (C4 −
C10
2
)MLLaP ]
}
,
(A9)
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A(B0s → K¯0(K∗0 →)Kpi) = −
GF√
2
{
V ∗tbVts[(C3 +
C4
3
− C9
2
− C10
6
− C5 − C6
3
+
C7
2
+
C8
6
)FLLaK∗
+ (C4 − C10
2
)MLLaK∗ + (C6 −
C8
2
)(MSPaK∗ +M
SP
aP ) + (
C3
3
+ C4 − C9
6
− C10
2
)FLLeP
+ (C3 − C9
2
)MLLeP + (C5 −
C7
2
)(MLReP +M
LR
aP ) + (
C5
3
+ C6 − C7
6
− C8
2
)FSPaP
+ (
4
3
(C3 + C4 − C9
2
− C10
2
)− C5 − C6
3
+
C7
2
+
C8
6
)FLLaP + (C3 + C4 −
C9
2
− C10
2
)MLLaP ]
}
,
(A10)
A(B+ → pi+(K∗0 →)Kpi) = GF√
2
{
V ∗ubVus[(
C1
3
+ C2)F
LL
aP + C1M
LL
aP ]− V ∗tbVts[(
C3
3
+ C4 − C9
6
− C10
2
)FLLeP
+ (C3 − C9
2
)MLLeP + (C5 −
C7
2
)MLReP + (
C3
3
+ C4 +
C9
3
+ C10)F
LL
aP
+ (
C5
3
+ C6 +
C7
3
+ C8)F
SP
aP + (C3 + C9)M
LL
aP + (C5 + C7)M
LR
aP ]
}
,
(A11)
A(B0 → pi−(K∗+ →)Kpi) = GF√
2
{
V ∗ubVus[(
C1
3
+ C2)F
LL
eP + C1M
LL
eP ]− V ∗tbVts[(
C3
3
+ C4 +
C9
3
+ C10)F
LL
eP
+ (C3 + C9)M
LL
eP + (C5 + C7)M
LR
eP + (
C3
3
+ C4 − C9
6
− C10
2
)FLLaP
+ (
C5
3
+ C6 − C7
6
− C8
2
)FSPaP + (C3 −
C9
2
)MLLaP + (C5 −
C7
2
)MLRaP ]
}
, (A12)
A(B0s → pi+(K∗− →)Kpi) =
GF√
2
{
V ∗ubVud[(
C1
3
+ C2)F
LL
eK∗ + C1M
LL
eK∗ ]− V ∗tbVtd[(
C3
3
+ C4 +
C9
3
+ C10)F
LL
eK∗
+ (
C5
3
+ C6 +
C7
3
+ C8)F
SP
eK∗ + (C3 + C9)M
LL
eK∗ + (C5 + C7)M
LR
eK∗
+ (
C3
3
+ C4 − C9
6
− C10
2
)FLLaK∗ + (
C5
3
+ C6 − C7
6
− C8
2
)FSPaK∗
+ (C3 − C9
2
)MLLaK∗ + (C5 −
C7
2
)MLRaK∗ ]
}
, (A13)
A(B+ → pi0(K∗+ →)Kpi) = GF
2
{
V ∗ubVus[(C1 +
C2
3
)FLLeK∗ + (
C1
3
+ C2)(F
LL
eP + F
LL
aP ) + C1(M
LL
eP +M
LL
aP )
+ C2M
LL
eK∗ ]− V ∗tbVts[(
3C9
2
+
C10
2
− 3C7
2
− C8
2
)FLLeK∗ +
3C10
2
MLLeK∗ +
3C8
2
MSPeK∗
+ (
C3
3
+ C4 +
C9
3
+ C10)(F
LL
eP + F
LL
aP ) + (
C5
3
+ C6 +
C7
3
+ C8)F
SP
aP
+ (C3 + C9)(M
LL
eP +M
LL
aP ) + (C5 + C7)(M
LR
eP +M
LR
aP )]
}
, (A14)
A(B0 → pi0(K∗0 →)Kpi) = GF
2
{
V ∗ubVus[(C1 +
C2
3
)FLLeK∗ + C2M
LL
eK∗ ]− V ∗tbVts[(
3C9
2
+
C10
2
− 3C7
2
− C8
2
)FLLeK∗
+
3C10
2
MLLeK∗ +
3C8
2
MSPeK∗ − (
C3
3
+ C4 − C9
6
− C10
2
)(FLLeP + F
LL
aP )− (
C5
3
+ C6
− C7
6
− C8
2
)FSPaP − (C3 −
C9
2
)(MLLeP +M
LL
aP )− (C5 −
C7
2
)(MLReP +M
LR
aP )]
}
,
(A15)
11
A(B0s → pi0(K¯∗0 →)Kpi) =
GF
2
{
V ∗ubVud[(C1 +
C2
3
)FLLeK∗ + C2M
LL
eK∗ ]
− V ∗tbVtd[(−
C3
3
− C4 + 5C9
3
+ C10 − 3C7
2
− C8
2
)FLLeK∗
− (C5
3
+ C6 − C7
6
− C8
2
)FSPeK∗ + (−C3 +
C9
2
+
3C10
2
)MLLeK∗ − (C5 −
C7
2
)MLReK∗
+
3C8
2
MSPeK∗ − (
C3
3
+ C4 − C9
6
− C10
2
)FLLaK∗ + (
C5
3
+ C6 − C7
6
− C8
2
)FSPaK∗
− (C3 − C9
2
)MLLaK∗ − (C5 −
C7
2
)MLRaK∗ ]
}
, (A16)
where GF is the Fermi coupling constant. The Vij ’s are the Cabibbo-Kobayashi-Maskawamatrix elements.
The functions (FLLeK∗ , F
LL
aK∗ ,M
LL
eK∗ ,M
LL
aK∗ , · · · ) appeared in above equations are the individual decay amplitudes correspond-
ing to different currents. The superscriptLL, LR, and SP refers to the contributions from (V −A)⊗(V −A), (V −A)⊗(V +A)
and (S − P ) ⊗ (S + P ) operators, respectively. F (M) describes the contributions from the factorizable (nonfactorizable) dia-
grams in Fig. 1 in the Ref. [52]. The functions FeK∗ ,MeK∗(FeP ,MeP ) denote the amplitudes for the B/Bs meson transition
into kaon-pion pair (the bachelor particle) and the functions FaK∗ ,MaK∗(FaP , FaP ) represent the corresponding annihilation
contributions. Since the P -wave kaon-pion distribution amplitude in Eq. (5) has the same Lorentz structure as that of two-pion
ones in Ref. [51], the explicit expressions of the individual decay amplitudes can be obtained straightforwardly just by replacing
the twist-2 or twist-3 DAs of the pipi system with the corresponding twists of theKpi ones in Eqs. (9)-(11).
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